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APPARATUS FOR GENERATING DATA OF
TRAVEL PATH INSIDE INTERSECTION,
PROGRAM FOR GENERATING DATA OF
TRAVEL PATH INSIDE INTERSECTION,

AND STORAGE MEDIUM

CROSS-REFERENCE OF RELATED
APPLICATIONS

This application 1s a continuation application of PCT/
JP2018/035384 filed on Sep. 25, 2018, which designated the
U.S. and claims the benefit of priority from Japanese Patent
Application No. 2017-236875 filed on Dec. 11, 2017. The
entire disclosures of all of the above applications are incor-
porated herein by reference.

TECHNICAL FIELD

The present disclosure relates to an apparatus for gener-
ating data of travel paths inside intersections, a program for
generating data of travel paths inside intersections, and
storage medium

BACKGROUND

There 1s a method of highly accurately measuring shape
and position of a road by using dedicated vehicles and
generating lane network data for automated driving.

SUMMARY

The present disclosure provides an apparatus for gener-
ating data of travel paths inside intersections, program for
generating data of travel paths inside intersections, and
storage medium that can eliminate the needs to visit local
sites and that can generate data of travel paths inside
intersections for automated driving that less degrades an
occupant comiort at a time of passage of the intersection.

In an aspect of the present disclosure, an apparatus
generates intersection feature data representing features of
intersections, by using data of travel paths outside intersec-
tions. The apparatus associates the intersection feature data
with motion trajectory data showing actual motion trajec-
tories of vehicles 1nside intersections and generates sample
data serving as samples of association between the feature of
the intersection and travel paths inside the intersection. The
apparatus searches the sample data for the sample that
corresponds to specific intersection feature data representing
a feature of a given intersection; specifies the motion tra-
jectory data associated with the specific intersection feature
data; and provides the specified motion trajectory data as
data of travel paths inside intersections that correspond to
the given intersection.

In an aspect of the present disclosure, an apparatus
generates intersection feature data representing features of
intersections, by using data of travel paths outside the
intersections. The apparatus associates the intersection fea-
ture data with motion trajectory data showing actual motion
trajectories of vehicles inside intersections, and teaches the
motion trajectory data associated with the intersection fea-
ture data to an inference program. The apparatus executes
the inference program to lean travel path data that matches
the intersection feature data associated with the motion
trajectory data showing the actual motion trajectories inside
the mtersections. The apparatus inputs intersection feature
data representing a feature of a given intersection to the
inference program; specifies travel path data that matches
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2

the mput intersection feature data; and provides the specified
travel path data as data of travel paths inside intersections
that correspond to the given intersection.

BRIEF DESCRIPTION OF THE DRAWINGS

Objects, features and advantages of the present disclosure
will become more apparent from the following detailed
description made with reference to the accompanying draw-
ings. In the drawings:

FIG. 1 1s a functional block diagram illustrating a first
embodiment;

FI1G. 2 1s a flow chart;

FIG. 3 1s a diagram illustrating intersection feature data;

FIG. 4 1s a diagram 1illustrating motion trajectory data;

FIG. 5 1s a diagram 1llustrating sample data (No. 1);

FIG. 6 1s a diagram 1illustrating sample data (No. 2);

FIG. 7 1s a diagram 1llustrating search of sample data and
generation of data of travel paths 1nside an intersection;

FIG. 8 1s a functional block diagram 1llustrating a second
embodiment;

FIG. 9 1s a flow chart; and

FIG. 10 1s a diagram 1llustrating execution of an inference
program and generation ol data of travel paths inside an
intersection.

DETAILED DESCRIPTION

A method of highly accurately measuring shape and
position of a road by using dedicated vehicles and generat-
ing lane network data for automated driving 1s a high cost
method because it 1n principle requires a huge amount of
work using expensive sensors and man powers. Therelore,
lane network data 1s generated only 1n a limited area such as
a highway or a motorway. Generating lane network data
nationwide including local roads using the above-mentioned
method 1s not realistic.

In this regard, for example, there i1s a first method of
generating travel path data without using the dedicated
moving vehicles. This first method includes collecting front
images captured by cameras mounted on non-dedicated
vehicles. Further, for example, there 1s a second method of
generating mnside-1ntersection travel path data. In this second
method, nside-intersection travel path data 1s not prepared
in advance. Only needed, the mside-intersection travel path
data 1s prepared via connecting enter lanes and exit lanes by
arcs (secondary Bezier curve), wherein the enter lanes are
lanes from which the intersection 1s entered, and the exit
lanes are lanes to which the intersection 1s exited.

The first method may make 1t possible to extend a lane
network data generation range. However, the first method 1s
the same as the method that uses the dedicated moving
vehicles, 1n that 1t 1s necessary to visit local sites to photo-
graph road conditions. It 1s therefore impossible to solve the
problem of high cost, and there 1s such a problem that 1t
impossible to generate lane network data of roads that have
not been visited. Further, the second method may make 1t
possible to eliminate needs to visit the sites. However, since
trajectories at actual traveling of vehicles 1nside intersec-
tions vary depending on intersection shape, the travel path
data generated by the above-described method may highly
likely deviate from the ftrajectories at actual travelling.
Theretfore, there 1s such a problem that an occupant may
have less comifort at a time of passage of the intersection due
to the deviation of the travel path data from the actual
motion trajectories.
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It 1s an object of the present disclosure to provide an
apparatus for generating data of travel paths inside intersec-
tions, a program for generating data of travel paths inside
intersections, and a storage medium that can eliminate the
needs to visit local sites and that can generate data of travel
paths inside intersections for automated driving that less
degrades an occupant comiort at a time of passage of the
intersection.

In an example of the present disclosure, an intersection
feature data generator generates intersection feature data
representing features of intersections, by using data of travel
paths outside intersections. The sample data generator asso-
ciates the intersection feature data with motion trajectory
data showing actual motion trajectories of vehicles inside
intersections and generates sample data serving as samples
ol association between the feature of the intersection and
travel paths inside the intersection. The travel path data
generator: searches the sample data for the sample that
corresponds to specific intersection feature data representing
a feature of a given intersection; specifies the motion tra-
jectory data associated with the specific intersection feature
data; and provides the specified motion trajectory data as
data of travel paths inside intersections that correspond to
the given intersection.

In the above, the sample data serving as samples of
association between the feature of the intersection and travel
paths inside the intersection 1s generated, and the search for
the sample data that corresponds to specific intersection
feature data representing a feature of a given intersection 1s
made. Then, the motion trajectory data associated with the
specific 1mtersection feature data 1s specified and the speci-
fied data 1s provided as generated data of travel paths nside
intersections that corresponds the given intersection. By
generating the sample data, 1t 1s possible to generate the data
of travel paths inside a certain intersection wherein the
certain intersection 1s an intersection for which the motion
trajectory data showing an actual trajectory of a vehicle 1s
absent. As a result, without having to visit the sites, it 1s
possible to appropriately generate the data of travel paths
inside 1intersections for automated driving that does not
impair the comfort given to the occupant at intersection
passage.

In another example of the present disclosure, an 1ntersec-
tion feature data generator generates intersection feature
data representing features ol intersections, by using data of
travel paths outside the intersections. A motion trajectory
data teacher associates the intersection feature data with
motion trajectory data showing actual motion trajectories of
vehicles inside mtersections, and teaches the motion trajec-
tory data associated with the itersection feature data to an
inference program. An inference program executer executes
the inference program to lean travel path data that matches
the intersection feature data associated with the motion
trajectory data showing the actual motion trajectories inside
the intersections. A travel path data generator: mputs inter-
section feature data representing a feature of a given inter-
section to the inference program; specifies travel path data
that matches the input intersection feature data; and provides
the specified travel path data as data of travel paths inside
intersections that correspond to the given intersection.

In the above, the motion trajectory data associated with
the intersection feature data i1s taught to the inference
program to learn the travel path data that matches the
intersection feature data associated with the motion trajec-
tory data inside the intersections. Thereatter, the intersection
feature data representing a feature of a given intersection 1s
input to the inference program, so that the travel path data
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4

matching the input intersection feature data 1s specified and
1s provided as generated data of travel paths 1nside inter-

sections that corresponds to the given intersection. By
executing the inference program and learning the travel path
data that matches the intersection feature data, 1t 1s possible
to generate data of travel paths 1nside a particular 1ntersec-
tion wherein the particular intersection 1s an intersection for
which there 1s no motion trajectory data. As a result, without
having to visit the sites, it 1s possible to appropnately
generate the data of travel paths inside intersections for
automated driving that does not impair the comfort given to
the occupant at intersection passage.

First Embodiment

A first embodiment will be described with reference to
FIGS. 1 to 7. As shown in FIG. 1, a travel path data
generation apparatus 1 for generating data of travel paths
inside mtersections for automated driving includes an inter-
section feature data generator 2, a sample data generator 3,
a travel path data generator 4 and a travel path data con-
nector 5. These functional blocks are implemented by a
microcomputer mncluding a CPU (Central Processing Unait),
a ROM (Read Only Memory), a RAM (Random Access
Memory), and an I/O (Input/Output). The microcomputer
executes a computer program stored in a non-transitory
tangible storage medium, thereby performing processing
corresponding to the computer program, and controlling
overall operation of the travel path data generation apparatus
1. The computer program executed by the microcomputer
includes a travel path data generation program.

A travel path data storage 6 has thereon stored data of
travel paths outside intersections for automated driving. The
intersection feature data generator 2 reads the data of travel
paths outside intersections stored in the travel path data
storage 6, and generates intersection feature data represent-
ing features of the intersections by using the data of travel
paths outside the intersections. The intersection feature data
includes at least type of road (lane) connected to the inter-
section, 1ts position, 1ts enter angle, its exit angle, connection
information regarding connection between connected roads,
regulation information, and the like. After generating the
intersection feature data, the intersection feature data gen-
crator 2 stores the generated intersection feature data in an
intersection feature data storage 7.

A motion trajectory data storage 8 has thereon stored
motion trajectory data showing motion trajectories on which
vehicles actually traveled inside intersections. The sample
data generator 3 reads the intersection feature data stored 1n
the intersection feature data storage 7 and reads the motion
trajectory data stored in the motion trajectory data storage 8.
The sample data generator 3 associates the read intersection
feature data with the motion trajectory data of the actual
vehicle trajectories inside the intersections and generates
sample data serving as samples of association between a
feature of an intersection and travel paths inside the inter-
section. In response to generating the sample data, the
sample data generator 3 stores the generated sample data 1n
a sample data storage 9.

The travel path data generator 4 reads the intersection
feature data stored 1n the intersection feature data storage 7
and the sample data stored 1n the sample data storage 9, and
searches for the sample data that corresponds to specific
intersection feature data representing a feature of a given
intersection. Then the travel path data generator 4 specifies
the motion trajectory data associated with the specific inter-
section feature data, and generates the data of travel paths
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inside the intersections that correspond to the given inter-
section, such that the specified motion trajectory data 1s used
as the data of travel paths inside the intersections that
correspond to the given intersection. In response to gener-
ating the data of travel paths inside the intersections, the
travel path data generator 4 stores the generated inside-
intersection travel path data in a travel path data storage 10.

The travel path data connector 5 reads the data of travel
paths outside the intersections stored in the travel path data
storage 6 and the data of travel paths inside the intersections
stored 1n the travel path data storage 10, and connects the
read data of travel paths outside the intersections and the
read data of travel paths inside the intersections. In response
to connecting the outside-intersection travel path data and
the inside-intersection travel path data, the travel path data
connector 5 stores the connected travel path data 1n a travel
path data storage 11 as travel path data for an entire area.

Next, operation of the above configuration will be
described with reference to FIGS. 2 to 7. The travel path data
generation apparatus 1 starts travel path data generation
processing in response to a start condition of the travel path
data generation processing being met. Processing executed
by a respective functional block in the travel path data
generation apparatus 1 will be described below.

The intersection feature data generator 2 uses the outside-
intersection travel path data to generate intersection feature
data representing a feature of an intersection as 1llustrated 1n
FIG. 3 (S1, corresponding to an intersection feature data
generation procedure). In FIG. 3, for example, a road
connected to the north side of the intersection 1s such that an
attribute 1s “prefectural road”, a distance from the center of
the intersection 1s “22 meters”, a road width 1s “12 meters”,
and the number of enter lanes 1s “2” and the number of exit
lanes 1s 1. In response to generating the intersection feature
data, the intersection feature data generator 2 stores the
generated intersection feature data 1n the intersection feature
data storage 7.

Next, the sample data generator 3 reads the intersection
teature data stored 1n the intersection feature data storage 7
and the motion trajectory data stored 1n the motion trajectory
data storage 8. The sample data generator 3 associates the
read 1ntersection feature data with the motion trajectory data
showing the trajectories of the vehicles that actually traveled
in the intersection, and generates the sample data of samples
ol association between the feature of the intersection and the
travel paths mside the intersection (52, which corresponds to
a sample data generation procedure). Specifically, as 1llus-
trated 1 FIG. 4, in response to reading motion trajectory
data showing a trajectory passing through the enter lane of
the outside-intersection travel path data “R312” and the exit
lane of the outside-intersection travel path data “R2017, the
sample data generator 3 generates sample data characterized
by the enter lane of the outside-intersection travel path data
“R3I2” and the exit lane of the outside-intersection travel
path data “R201”.

In this regard, 1t 1s 1impossible for the sample data gen-
crator 3 to generate sample data for a combination of an
enter lane and an exit lane for which there 1s no motion
trajectory data, whereas it 1s possible for the sample data
generator 3 to generate the sample data for a combination of
an enter lane and an exit lane for which there 1s motion
trajectory data. Specifically, when there are the motion
trajectory data for all of the combinations of the enter lane
and the exit lane that are permitted to be travelled according
to Road Traflic Law with regard to the intersection feature
data 1illustrated 1n FIG. 3, the sample data generator 3
generates the sample data for all of the combinations of the
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enter lane and the exit lane, as illustrated 1in FIG. 6. It 1s
noted that in cases where motion trajectory data 1s com-
pletely absent for certain intersection feature data, the
sample data generator 3 cannot associate the certain inter-
section feature data with motion trajectory data and accord-
ingly cannot generate the sample data for the certain inter-
section.

Next, the travel path data generator 4 reads the intersec-
tion feature data stored in the intersection feature data
storage 7 and the sample data stored in the sample data
storage 9, and searches for the sample data that corresponds
to specific intersection feature data representing a feature of
a given intersection as shown in FIG. 7. The travel path data
generator 4 specifies the travel trajectory data that 1s asso-
ciated with the specific intersection feature data, and the
travel path data generator 4 provides the travel trajectory
data as data of travel paths inside an intersection that
correspond to the given intersection. In response to gener-
ating the data of travel paths inside the intersection, the
travel path data generator 4 stores the generated data in the
travel path data storage 10.

Specifically, the travel path data generator 4 makes a
search for the sample data that corresponds to the intersec-
tion feature data representing similar features from among,
the intersection feature data individually generated for the
respective intersections in the whole country. The motion
trajectory data obtained as the result of the search 1s pro-
vided as the data of travel paths inside the intersections
having the similar features. In searching for the intersection
feature data representing the similar features, the travel path
data generator 4 may determine a degree of similarity
according to intersection feature as a whole, or may deter-
mine the degree of similarity based on such limited infor-
mation as information on the lanes entering to the intersec-
tion, the lane exiting from the intersection, information on
another road affecting the travel path, and the like. With
regard to angles of the enter lane, the exit lane and the like,
the travel path data generator 4 may use relative angles to
determine the degree of similarity without considering abso-
lute angle differences.

Next, the travel path data connector 5 reads the data of
travel paths outside the intersection stored 1n the travel path
data storage 6 and also reads the data of travel paths inside
the intersection stored 1n the travel path data storage 10. The
travel path data connector 5 connects the read data of travel
paths outside the intersection and the read data of travel
paths inside the intersection (S4, which corresponds to a
travel path data connection procedure). In response to con-
necting the data of travel paths outside the intersection and
the data of travel paths inside the intersection, the travel path
data connector 3 stores 1n the travel path data storage 11 the
connected travel path data as the data of travel paths for
passage ol the intersection, specifically, as travel path data
defining a continuous travel path from enter into the inter-
section to exit from the intersection, and then the travel path
data generation processing 1s ended.

The first embodiment as described above can provide the
following operational technical efiects. The apparatus for
generating data of travel path inside intersections 1s config-
ured to generate sample data serving as samples of associa-
tion between a feature of an intersection and travel paths
inside the intersection and searches for the sample data that
corresponds to specific intersection data representing a fea-
ture of a given intersection. The apparatus 1s further con-
figured to specily the motion trajectory data associated with
the specific intersection feature data to generate the data of
travel paths inside the intersections that corresponds to the
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given intersection. By generating the sample data, 1t 1s
possible to generate the data of travel paths inside certain
intersections wherein the certain intersections are intersec-
tions for which the motion trajectory data showing the
trajectories on which the vehicles actually travelled are
absent. As a result, without having to visit the sites, it 1s
possible to appropriately generate the data of travel paths
inside intersections for automated driving that does not
impair the comiort given to the occupants when passing
through the 1ntersection,

In addition, the data of travel paths outside the intersec-
tion and the data of travel paths inside the intersection
generated 1n the above way are connected. It 1s possible to
appropriately generate data of continuous travel paths from
the enter to the intersection to the exit from the intersection.

Second Embodiment

Next, a second embodiment will be described with ret-
erence to FIGS. 8 to 10. Explanation on the same portions
as those 1n the first embodiment will be omitted, and
different portions will be described. The second embodiment
1s configured to execute an inference program and learn
travel path data that matches the intersection feature data
associated with the data of motion trajectory inside the
intersection.

As shown 1n FIG. 8, a travel path data generation appa-
ratus 21 i1ncludes an intersection feature data generator 22,
a travel path data teacher 23, an inference program executer
24, a travel path data generator 25, and travel path data
connector 26. These functional blocks are also implemented
by a microcomputer comprising a CPU, ROM, RAM and
I/0.

The intersection feature data generator 22 1s the same as
the intersection feature data generator 2 described in the first
embodiment, and reads the outside-intersection travel path
data stored 1n a travel path data storage 27 and generates the
intersection feature data representing features of intersec-
tions by using the read outside-intersection travel path data.
The intersection feature data generator 22 stores the gener-
ated 1ntersection feature data 1n an intersection feature data
storage 28.

The motion trajectory data teacher 23 reads the intersec-
tion feature data stored in the intersection feature data
storage 28 and the motion trajectory data stored in a motion
trajectory data storage 29. The motion trajectory data teacher
23 associates the read intersection feature data with the
motion ftrajectory data showing trajectories on which
vehicles actually travelled in the intersections. The motion
trajectory data teacher 23 teaches the motion trajectory data
associated with the intersection feature data to the inference
program.

The miference program executer 24 executes the inference
program, learns the travel path data that matches the inter-
section feature data associated with the data of motion
trajectory inside the intersections, and stores the learned data
in a learned data storage 30.

The travel path data generator 25 inputs intersection
feature data representing a feature of a given intersection to
the inference program, specifies the travel path data that
matches the mput intersection feature data, and provides the
identified data as the data of travel paths 1nside intersections
that corresponds to the given intersection. In response to
obtaining the data of travel paths 1nside the intersections, the
travel path data generator 25 stores the obtained data in a
travel path data storage 31.
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The travel path data connector 26 1s similar to the travel
path data connector 5 described 1n the first embodiment, and
reads the outside-intersection travel path data stored in the
travel path data storage 27 and the inside-intersection travel
path data stored 1n the data storage 31, and connects the read
outside-intersection travel path data and the read inside-
intersection travel path data. In response to connecting the
outside-intersection travel path data and the inside-intersec-
tion travel path data, the travel path data connector 26 stores
the connected travel path data 1n a travel path data storage
32 as travel path data for an entire area.

Next, the operation of the above configuration will be

described with reference to FIGS. 9 and 10.
The travel path data generatlon apparatus 21 starts travel
path data generation processing i1n response to a start event
of the travel path data generation processing being met.
Heremafter, processing executed by a respective functional
block 1n the travel path data generation apparatus 21 will be
described.

First, the intersection feature data generator 22 generates
the tersection feature data representing features of inter-
sections by using the data of travel paths outside the inter-
sections (S11, which corresponds to an intersection feature
data generation procedure). In response to generating the
intersection feature data, the intersection feature data gen-
erator 22 stores the generated intersection feature data in the
intersection feature data storage 28. The intersection feature
data generator 22 generates the intersection feature data for
all of the 1ntersections targeted for generation of the data of
travel paths inside intersections.

Next, the motion trajectory data teacher 23 reads the
intersection feature data stored in the intersection feature
data storage 28 and the motion trajectory data stored in the
motion trajectory data storage 29. The motion trajectory data
teacher 23 associates the read intersection feature data with
the motion trajectory data showing the trajectories on which
vehicles actually traveled inside intersections. The motion
trajectory data teacher 23 teaches the motion trajectory data
associated with the intersection feature data to the inference
program e¢xecuted by the inference program executer 24
(S12, which corresponds to a motion trajectory data teaching,
procedure).

Next, the inference program executer 24 executes the
inference program, learns the travel path data that matches
the intersection feature data associated with the data of
trajectories 1nside intersections, and stores the learned data
in the learned data storage 30 (S13, corresponding to an
inference program execution procedure i S13).

Next, the travel path data generator 25 inputs intersection
feature data representing a feature of a given intersection to
the inference program, and as illustrated 1n FIG. 10, specifies
the travel path data that matches the input intersection
feature data, and prowdes the specified travel path data as
data of travel paths in intersections that corresponds to the
given mtersection (S14, which corresponds to a travel path
data generation procedure). In response to generating the
data of travel paths inside the intersections, the travel path
data generator 25 stores the generated inside-intersection
travel path data in the travel path data storage 31.

Next, the travel path data connector 26 reads the outside-
intersection travel path data stored in the travel path data
storage 27, and at the same time, reads the mside-intersec-
tion travel path data stored 1n the travel path data storage 31.
The travel path data connector 26 connects the read outside-
intersection travel path data and the read mside-intersection
travel path data (S15, which corresponds to a travel path data
integration procedure). In response to connecting the out-




US 11,724,713 B2

9

side-mtersection travel path data and the inside-intersection
travel path data, the traveling path data connector 26 stores
the connected travel path data 1n the travel path data storage
11 as data of travel paths for intersection passage, specifi-
cally as the travel path data defining continuous travel paths
from enter to the intersection to exit from the intersection.

The second embodiment as described above provides the
tollowing operational technical effects. The second embodi-
ment teaches the motion trajectory data associated with the
intersection feature data to the inference program, so that the
travel path data that matches the intersection feature data
associated with the inside-intersection motion trajectory
data 1s leaned. Thereatter, the second embodiment inputs the
intersection feature data representing a feature of a given
intersection to the inference program, so that the travel path
data matching the input intersection feature data 1s specified
and the data of travel paths inside an intersection that
corresponds to the given intersection 1s generated. By
executing the inference program and learming the travel path
data that matches the intersection feature data, 1t 1s possible
to provide the same operational technical effects as i the
first embodiment.

It 1s noted that the absence of the intersection feature data
having a similar feature makes it impossible to generate the
data of travel paths inside the intersection. However, the
second embodiment can generate the data of travel paths
inside an 1ntersection even 1n the absence of the itersection
feature data having a similar feature

Other Embodiments

Although the present disclosure has been described with
reference to embodiments, 1t 1s to be understood that the
present disclosure 1s not limited to those embodiments and
structures. The present disclosure also encompasses various
modifications and variations within an equivalent range. In
addition, various combinations and forms, and other com-
binations and forms, including only one, more, or less
clement, are also within the scope and spirit of the present
disclosure.

In the travel path data generation apparatus 1, each
functional block may be distributed. That 1s, for example,
some of the functional blocks may be provided 1n a server
separate from the travel path data generation apparatus 1,
and various data may be transmitted and received via a
communication line to generate travel path data.

What 1s claimed 1s:

1. A travel path data generation apparatus for generating
data of travel paths inside intersections for automated driv-
ing, comprising a computer mcluding a memory and a
processor configured to:

by using data of travel paths outside intersections, gen-

erate intersection feature data representing features of
the intersections:;

associate the intersection feature data with motion trajec-

tory data showing actual motion trajectories of vehicles
inside intersections, and generates sample data serving
as samples of association between the feature of the
intersection and travel paths inside the intersection; and
search the sample data for a sample that corresponds to
specific intersection feature data representing a feature
of a given intersection that has no motion trajectory
data showing trajectories on which vehicles actually
travelled 1n the given intersection, specily the motion
trajectory data associated with the specific intersection
feature data, provide the specified motion trajectory
data as data of travel paths inside intersections that
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correspond to the given intersection, and generate the
data of travel paths inside the given intersection by
searching the sample data corresponding to the given
intersection;

wherein:

the data of travel paths 1nside 1ntersections 1s provided to
correspond to the intersection feature data including: a
type of a road and a lane connected to the intersection;
intersection position; mtersection enter angle; intersec-
tion exit angle; connection information regarding con-
nection between connected roads; and regulation infor-
mation;

the intersection position indicates a positional relation
between the intersection and the road or the lane
connected to the intersection;

the positional relation between the intersection and the
road or the lane connected to the intersection indicates
a relative angle of a connection position between the
intersection and the road or the lane when viewed from
the 1ntersection.

2. The travel path data generation apparatus according to
claim 1, wherein

the computer connects the data of travel paths outside the

intersection and the data of travel paths inside the
intersection.

3. A travel path data generation apparatus for generating,

data of travel paths 1nside intersections for automated driv-

ing, comprising a computer mcluding a memory and a

30 processor configured to:
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by using data of travel paths outside intersections, gen-
crate intersection feature data representing features of
the intersections;

associate the mtersection feature data with motion trajec-
tory data showing actual motion trajectories of vehicles
inside intersections, and teaches the motion trajectory
data associated with the intersection feature data to an
inference program;

execute the inference program to learn travel path data
that matches the intersection feature data associated
with the motion trajectory data showing the actual
motion trajectories inside the intersections and to gen-
crate sample data serving as samples of association
between the features of the intersection and travel paths
inside the intersection; and

input ntersection feature data representing a feature of a
given intersection that has no motion trajectory data
showing trajectories on which vehicles actually trav-
clled 1in the given intersection to the inference program,
specily travel path data that matches the mput inter-
section feature data, provide the specified travel path
data as data of travel paths inside intersections that
correspond to the given intersection, and generate the
data of travel paths inside the given intersection by
searching the sample data corresponding to the given
intersection;

wherein:

the data of travel paths inside 1ntersections 1s provided to
correspond to the intersection feature data including at
least one of: a type of a road and a lane connected to the
intersection; intersection position; intersection enter
angle; intersection exit angle; connection information
regarding connection between connected roads; and
regulation information;

the intersection position indicates a positional relation
between the intersection and the road or the lane
connected to the intersection;
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the positional relation between the intersection and the
road or the lane connected to the 1ntersection indicates
a relative angle of a connection position between the
intersection and the road or the lane when viewed from
the 1ntersection.

4. The travel path data generation apparatus according to

claim 3, wherein

the computer connects the data of travel paths outside the
intersection and the data of travel paths inside the
intersection.

5. A computer readable non-transitory storage medium

storing a program for generating data of travel paths mside
intersections for automated driving, the program causing a

travel path data generation apparatus to execute:

by using data of travel paths outside intersections, gen-
crating intersection feature data representing features
of the intersections;

associating the intersection feature data with motion tra-
jectory data showing actual motion trajectories of
vehicles 1nside intersections; and generating sample
data serving as samples of association between the
feature of the intersection and travel paths inside the
intersection;

searching the sample data for a sample that corresponds to
specific intersection feature data representing a feature
of a given intersection that has no motion trajectory
data showing trajectories on which vehicles actually
travelled in the given intersection;

speciiying the motion trajectory data associated with the
specific intersection feature data;

providing the specified motion trajectory data as data of
travel paths inside intersections that correspond to the
given intersection; and

generating the data of travel paths inside the given inter-
section by searching the sample data corresponding to
the given intersection;

wherein:

the data of travel paths mside intersections 1s provided to
correspond to the intersection feature data including at
least one of: a type of a road and a lane connected to the
intersection; intersection position; intersection enter
angle; intersection exit angle; connection nformation
regarding connection between connected roads; and
regulation information;

the intersection position indicates a positional relation
between the mtersection and the road or the lane
connected to the intersection;

the positional relation between the intersection and the
road or the lane connected to the 1ntersection indicates
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a relative angle of a connection position between the
intersection and the road or the lane when viewed from
the intersection.

6. A computer readable non-transitory storage medium

storing a program for generating data of travel paths inside
intersections for automated driving, the program causing a
travel path data generation apparatus to execute:

by using data of travel paths outside intersections, gen-
crating intersection feature data representing features
of the intersections;

associating the intersection feature data with motion tra-
jectory data showing actual motion trajectories of
vehicles 1nside intersections; and teaching the motion
trajectory data associated with the intersection feature
data to an inference program;

executing the inference program to learn travel path data
that matches the intersection feature data associated
with the motion trajectory data showing the actual
motion trajectories mnside the intersections and gener-
ating sample data serving as samples of association
between the features of the intersection and travel paths
inside the intersection; and

inputting intersection feature data representing a feature
of a given intersection that has no motion trajectory
data showing trajectories on which vehicles actually
travelled in the given intersection to the inference
program; speciiying travel path data that matches the
input intersection feature data; providing the specified
travel path data as generating data of travel paths inside
intersections that correspond to the given intersection;
and generating the data of travel paths inside the given
intersection by searching the sample data correspond-
ing to the given intersection;

wherein:

the data of travel paths 1nside 1ntersections 1s provided to
correspond to the intersection feature data including at
least one of: a type of a road and a lane connected to the
intersection; intersection position; intersection enter
angle; intersection exit angle; connection information
regarding connection between connected roads; and
regulation information;

the intersection position indicates a positional relation
between the intersection and the road or the lane
connected to the intersection;

the positional relation between the intersection and the
road or the lane connected to the intersection indicates
a relative angle of a connection position between the
intersection and the road or the lane when viewed from
the intersection.
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